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EFFECTS OF BOTTOM SEDIMENTS ON
INFILTRATION FROM THE MIAMI AND
TRIBUTARY CANALS TO THE BLSCAYNE AQUIFER
DADE COUNTY, FLORIDA
Wesley L. Miller

ABSTRACT

Infiltration from the Miami Canal and its tributaries is a major
source of recharge to the Biscayne aquifer in the Miami Springs-Hialeah
well-field area. In the late 1940's when average pumpage was less than
50 million gallons per day, canal infiltration contributed an estimated
80 to 100 percent of the dry season pumpage. Between 1970 and 1973,
average daily pumpage increased 18 percent but the canal infiltration
capacity decreased 6 percent. In May 1973, about 50 percent of the well
field's peak pumpage of 120 million gallons per day was attributed to
canal infiltration. Steadily increasing withdrawals have caused deepening
and broadening of the well field's cone of depression thereby increasing
the threat of saltwater intrusion during dry, peak demand periods.

Canal water levels were consistently higher than the water table in
1973. Canal-bottom sediments impede downward infiltration from the
canals. Filtration through bottom sediments reduces concentrations of
coliform bacteria, pesticides, PCB's, metals, and suspended materials.
Filtration by the sandy upper part of the aquifer further reduces concen-
trations of these constituents as infiltrating water moves toward the
pumping zone. The quantitative effects on ground-water quality resulting
from the removal of the canal-bottom sediments cannot be adequately
predicted from present data.

INTRODUCT LON

Saltwater intrusion has been, and will continue to be, a major
threat to Dade County's water supply. Therefore, protection of muni-
cipal well fields from this instrusion is of prime concern. Infiltra-
tion from the Miami Canal and its tributary canals has long been recog-
nized as an important source of recharge to the Biscayne aquifer at the
Miami-Dade Water and Sewer Authority well fields in the Miami Springs-—
Hialeah area (fig. 1)}. Recharge from the canals tends to minimize the
extent and depth of the cone of depression about the well fields.

There are indications that withdrawal rates are exceeding infil-
tration rates due to the sealing effect of slowly accumulating sediments
in the bottom of the canals. During periods of peak pumping and defi-
cient rainfall the cone of depression has been increasing in size and
depth, If it is allowed to intersect ground water containing high
chloride concentrations to the south and southeast, the movement of salty
water toward the well fields will accelerate. Chloride concentrations
of ground water south of the well fields have been steadily increasing
in response to increased pumping factors. If the rate of infiltration
from canals could be increased, the inland movement of saltwater would
be moderated.
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One approach to increasing recharge by infiltration is to period-
ically remove the bottom sediment in the canals. However, the possible
beneficial filter effects of the bottom sediments upon the quality of
infiltrating canal water should be given consideration.

For use of those readers who may prefer to use metric units rather than
U.S. customary units, the conversion factors for the terms used in this

report are listed below:

Multiply U.S. customary unit

cubic feet per second (ft3/s)

million gallons per day
(Mgal/d)

million gallons (Mgal)

feet (ft)

square feet (££2)

miles (mi)

inches (in)

acres

To cobtain metric unit

liters per second (L/s)

cubig meters per second
M~7/s)

cubic meteys (m3)

meters (m)

square meters {(m

kilometers (km)

millimeters {mm)

hectares (ha)

2y



Purpose and Scope

The purpose of this investigation was to evaluate the recharge to
the Biscayne aquifer from the Miami Canal and tributary canals in the
vicinity of the Miami Springs-Hialeah well fields, and to examine the
role that infiltration plays in the prevention of saltwater intrusion.
This report, based on historiecal and recent data, covers: (1) the
relation of the canal system and rates of infiltration to configuration
of the well field's cone of depression; (2) the effects of Infiltrating
canal water on water quality in the Biscayne aquifer; (3) the adequacy
of the canal system to supply sufficient infiltration for increasing
pumpage; and (4) the effects of canal bottom sediments on rates on
infiltration and ground-water quality.

Information from this investigation should be of use to local water

officials in managing, planning and maintaining water supply facilities
to keep pace with increasing demands,
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Previous Investigations

The hydrology of the Miami Springs-Hialeah well fields was de-
scribed by Parker and others (1955). Water—table maps of the Miami
Springs~Hialeah well fields are published annually in reports of
hydrologic data in Dade County, Florida by the U.S. Geological Survey as
part of the cooperative studies with the Miami-Dade Water and Sewer
Authority and the Dade County Department of Public Works (Hull and
Galliher, 1968, 1969; Hull, 1970, 1971, 1972; Hull and Wimberly, 1972;
Hull, and others, 1973). Water—table maps of the well fields were
prepared by the U.S. Geological Survey beginning in 1939. Records of
pumpage and analyses of raw water from supply wells are available from
the Miami-Dade Water and Sewer Authority. The results of a preliminary
evaluation of infiltration from the Miami Canal system were reported by
Meyer (1972) and pertinent data on canal bottom sediment and water
quality were reported by Meyer and Wimberly (1972},



HYDROLOGIC SETTING

Biscayne Aquifer

The Biscayne aquifer (Parker and others, 1955, p. 160-162; Schroeder
and others, 1958), a section of highly permeable limestone, ranging in
age from late Pliocene to Pleistocene, underlies most of Dade and
Broward counties (fig. 2). The aquifer is about 110 feet thick in the
Miami Springs-Hialeah area and is the source of fresh water for the City
of Miami's municipal wells of the Miami-Dade Water and Sewer Authority.
Beneath the aquifer lies a relatively impermeable green shelly marl in
the Tamiami Formation.

The principal formations in the aquifer in the Miami area (from
oldest to youngest) are the upper part of the Tamiami Formation {(Parker,
1951, p. 823), Pliocene; the Fort Thompson Formation {Cooke and Mossom,
1928, p. 211-215), Pleistocene; and the Miami Limestone (Oolite)
(Hoffmeister and others, 1967), Pleistocene. Approximately 80 percent
of the aquifer is composed of the highly permeable Fort Thompson For—
mation.

Drainage

Southeast Florida is drained chiefly by the canal system of the
South Florida Water Management District (fig. 3). The facilities of the
Water Management District are designed and operated to provide flood
protection to urban and agricultural areas during the rainy season and
to provide freshwater to recharge the aquifer during the dry season.
Coastal reaches of most canals are protected from saltwater intrusion by
salinity-control structures. The water management system is designed
around the water-storage capabilities of Lake Okeechobee and the water-
conservation areas. Seepage and controlled releases from the lake and
conservation areas to the canals maintain water levels along the coast,
retard saltwater intrusion, and recharge well fields. The canal system
also provides facilities to discharge excess water to the sea or to
backpump some excess water to storage in the lake and the conservation
areas.

Drainage in the vicinity of the Miami Springs-Hialeah well fields
is accomplished primarily by the Miami Camnal, the Tamiami Canal, and
their tributaries (fig. 1).

The Miami Canal (fig. 3) is an extension of the Miami River, which
originally extended a short distance inland from Biscayme Bay. Con-
struction of the canal began in 1909, proceeded northwestward into the
Everglades, and was completed in 1932. The lower reach was dredged to
an average depth of 12 feet below land surface in rock. Due to the low
conveyance capacity of the middle reach, the canal was improved in 1967-
69 to facilitate transfer of water from Lake Okeechobee to the lower
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east coast. The lower reach of the canal is controlled at Northwest
36th Street, Miami and at Levee 30. Details of the history of the

drainage system were discussed by Parker and others (1955) and Meyer
(1972).

Flow in the Miami Canal during the rainy season is composed of
runoff from the conservation areas and ground water discharged into the
canal. Dry season flow is mainly from controlled releases and ground
water discharge along inland reaches. Much of this flow infiltrates to
the aquifer in the vicinity of the well fields.

The Tamiami Canal was tidal between the Miami River and the F.E.C.
Canal where a sheet-piling dam prevented westward movement of saltwater.
The sheet-piling dam was removed when Structure 25 was completed in
1976. Fast of the dam location, secondary canals and ditches drain the
south part of the Miami Intermational Airport. A narrowing in the canal
at Red Road reduces the canal's discharge capacity, but prior to the
completion of Structure 25 retarded the westward movement of saltwater,
and lessened tidal effects between Red Road and the sheet-piling dam.
The canal widens at several deep rock pits (Blue Lagoon, fig. 1). The
controlled reach of the canal west of §5-25 receives some drainage from
the Levee 30 borrow canal and other secondary canals to the east of
Levee 30 (fig. 3). TDuring dry periods, water is diverted northward
through the F.E.C. Canal toward the Miami Canal to maintain water levels
along the west side of the well-field area. Flow can be reversed
depending on the operations of the 36th Street controls and the stages
of the Miami and Tamiami Canals.

During wet periods, part of the flow in the Tamiami Canal, upstream
of the F.E.C. Canal is diverted to the Miami Canal due to poor con-
veyance of the Tamiami Canal at Red Road.

MIAMI SPRINGS-HIALEAH WELL FIELDS
History and Description

In 1925 the 10-Mgal/d-capacity Hialeah water treatment plant was
constructed and eight supply wells were drilled in the lower well field
(fig. 1). At that time the well field and water treatment plant were
owned and operated by the city of Miami; the distribution system was
owned by the Miami Water Co. 1In 1932, wells 11, 12, and 13 (fig. 1)
were drilled at the Hialeah water plant, increasing the plant's capacity
to 20 Mgal/d. The plant's capacity was again increased in 1938 when
wells 14-17 were drilled, and, in 1947 when wells 18-22--all in the
upper well field--were drilled. These additions increased the Hialeah
water plant's capacity to 60 Mgal/d. 1In 1948, wells 23 and 9 were
drilled in the upper well field and in 1954, well 10 was added, bringing
the total to 23 wells,

-



Construction of the Preston plant, just north of the Hialeah plant
(fig. 1), began in 1963, 1In 1968, this plant, with a capacity of 60—
Mgal/d and served by wells 24-29, became operational. The well field
surrounding the combined Hialeah-Preston water plant is treated as two
fields for water management purposes. In this report, the two fields,
Hialeah and Preston, are referred to as the Hialeah well field. The
expression Miami Springs-Hialeah field, refers to all four fields. In
1972, after interconnection of the two treatment plants, their combined
capacity was 120 Mgal/d.

The number of wells in each well field and their aggregate capacity
in 1972 was as follows: ’

Number of Yield
Well field wells (Mgal/d)
Preston 6 54
Hialeah 3 10
Lower Miami Springs 8 29.5
Upper Miami Springs 12 42
135.5

When interconnection of the water plants and well fields was com—
pleted in 1972, the combined capacity of the 29 wells was 135.5 Mgal/d.

In 1973, a 9-Mgal/d well (Well 5-7) was drilled near the Hialeah-
Preston plant (fig. 1) to supply the Preston part of the plant. This
increased the combined well-field capacity to 144.5 Mgal/d. Future
needs call for the water treatment capacity of the Preston portion of
the plant to be increased to 100 Mgal/d by 1980, according to the Miami-
Dade Water and Sewer Authority. For a complete history and description
of these well fields, see Meyer (1972).

Saltwater Intrusion

Saltwater intrusion is the major threat to the water resources of
southeastern Florida (Parker and others (1955, p. 571-711). Saltwater
intrusion in southeastern Florida has been attributed mainly to uncon-
trolled drainage by canals and lowering of the water-table. During dry
periods, seawater moved several miles upstream in uncontrolled canals
and contaminated freshwater supplies. This has necessitated drilling
additional supply wells progressively farther inland in the Miami well
fields.

Salinity controls installed in the primary canals since 1946 have
retarded saltwater intrusion by maintaining high water levels upstream
of the controls during dry periods. Saltwater remains a threat because
pumping during dry periods may lower water levels sufficiently to allow
seawater to advance inland. For example, 1if the water level of the



Miami Canal declines excessively, saltwater migrates short distances
upstream from the NW 36th Street salinity control, even when the control
is closed.

The other major source of saltwater intrusion to well fields lies
southeast, where intrusgion has occurred over the years adjacent to the
uncontrolled reach (prior to 1976} of the Tamiami Canal. During recent
prolonged dry seasons and peak well field pumping, salty ground water
between the Miami and Tamiami Canals and beneath the Miami International
Airport has been migrating toward the well fields at an increasing rate
(Hull and others, 1973).

In September 1971, a temporary sheet-piling dam was installed in
the Tamiami Canal southeast of the Miami International Airport at 45th
Avenue (fig. 1) to prevent further saltwater intrusion to the well
fields. This structure was removed when the permanent salinity-control
structure (S-25) was completed. The salinity control will help alle-
viate saltwater intrusion in the vicinity of the airport, if adequate
canal levels are maintained.

Pumpage and Pumping Effects

The high rate of increase in pumpage from the Miami Springs-Hialeah
well fields reflects the rapid growth of Dade County. Average pumpage
increased from 23 Mgal/d in 1941 to 113 Mgal/d in 1974. Pumpage usually
increases during drought years, as shown by the peak-day pumpage of
1950, 1963, 1970, and 1974 on figure 4. Water-use restrictions sup-
pressed the peaks during 1945, 1955, and 1971.

Pumpage varies seasonally and is typically greatest during the
December-May dry season. Maximum daily pumpage usually occurs in April
or May. In 1971, peak daily pumpage exceeded 120 Mgal and in 1974, was
134 Mgal., Meyer (1972) described the progressive expansion and deepen-
ing of the cone of depression in the well fields between 1945 and 1971
as a result of the increased pumping. His water—table contour maps show
that the cone expanded largely northeast and southeast.

Between 1944 and 1961, infiltration from the Mjami and tributary
canals to the well fields was sufficient to minimize the depth and
extent of the cone of depression as pumping rate increased from 30 to
60 Mgal/d (Meyer, 1972). Since 1961 the cone in the center of the
withdrawal area has deepened and expanded markedly, particularly south-
ward beneath the airport. As a result of this expansion salty ground
water in the vicinity of the Tamiami Canal and the airport has moved
northward toward the supply wells during the dry seasons.

During the 1974 drought the peak pumpage of 134 Mgal/d occurred on
May 2. The water-table contour map for May 7, 1974 (fig. 5) shows that
the 1,000-mg/L chloride line was near the zero water-table contour along
a part of the Miami Canal. It also shows that water containing 100 mg/L
of chloride at the base of the aquifer (fig. 5) was adjacent to supply

10
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wells 1 and 2 in the lower field. The long-term effects of pumping on
chloride concentrations in water from the Miami Sprlngs—Hlaleah well
fields are shown on figure 6.

ESTIMATES OF INFILTRATION

Estimates of the amount of water that infiltrates from canals in
the Miami Springs-Hialeah well-field area were made by determining the
loss in flow between selected points in the canals. The sites selected
for discharge measurement are shown in figure 7. On November 21, 1972
{fig. 7) the aggregate amount of water entering the well-field area from
the northwest at sites 9 and 11 was 281 ft2/s. Discharge from the area
in the southeast at site 1 was 250 ft3/s. Flow to the north of site 8A
ceases within a short distance, recharging the aquifer rather than
leaving the area. Total pumpage from the well fields on November 21,
1972 was 89 million gallons. This indicates that the decrease in flow
of 31 ft3/s or 20 Mgal, accounted for 23 percent of that day's pumpage.

Canal flows were again measured on May 3, 1973 (fig. 7). The
amount of water enterlng the well field area at site 9 was 103 ft3/s.
An additional 8.4 ft3/s entered the area at sites 17 and 18. The amount
of water available for infiltration totalled 111.4 ft”/s from which
westward discharge at sites 12 and 16 of 6.5 ft3/s is subtracted.
Again, flow north of site 8A ceased within a short distance. The total
amount of water entering the well field area was 104.9 fr3/s. Dlscharge
from the area at site 1 was 21 ft3/s. Loss in flow equaled 83.9 ft 3/s
or 54 Mgal/d, Thus, an estimated 46 percent of the total well-field
pumpage of 118 Mgal on May 3 was contributed by infiltration from the
canals,

Table 1 shows estimates of the contribution of individual segments
of the canals to the total infiltrated water. When table 1 is compared
to the water-table maps for May 3, 1973 (fig. 8}, it is seen that the
amount of water infiltrating from the canals is least near the center of
the cones of depression except for the short segment of the Red Road
Canal immediately north of the Miami Canal.

Insufficient infiltration from the canals neaxr the center of the
cones of depression results in a deepening and broadening the cones. As
pumping rates increasingly exceed infiltration rates, the drawdown area
has expanded southward and southeastward toward areas underlain by salty
ground water at the base of the aquifer. Movement of that salty water
toward the pumping wells (fig. 8) is thereby accelerated.

The quality of the water can often be used as an indicator of the
source of the water. Three water sources are available to the aquifer
in the vicinity of the well fields, each of different quality which may
affect the resultant quality of the water yielded at the well fields.,

13
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Table 1.--Estimates of contributions from nearby canal segments to well
fields in the Miami Springs-Hialeah area, May 3, 1973.

Segment Percentage Infiltration
between infiltration Length per mile
sites from canal {miles) (Mgal/d)
9- 6 3.9 1.32 1.9
6- 4 4.4 .71 2.2
4~ 2 6.7 .64 4.3
2-1 16.9 .85 10.9
7- 8 9.1 .36 5.9
8- 84 8.5 71 5.5
10-14 9.1 1.29 5.9
14-19 5.5 1.29 3.5
15-5 9.6 1.50 6.2
11-17 26.0 2.73 16.8
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The sources and their characteristics are: (1) fresh surface water in
nearby canals whose average chloride concentration was 69 mg/L in 1973;
(2) stored fresh ground water derived from local rainfall, containing
about 15 mg/L chloride; and (3) ground water containing chloride con-
centrations from 1,000 to more than 10,000 mg/L in the lower part of the
aquifer to the south and southeast of the Tamiami and Miami Canals.

The proportional amounts contributed by each source can be expressed
by the equation:

Q1C1 + QaCy + Q303 = Q4G4 (n

where Ql is the infiltration from nearby canals in million gallons per
day,
C1 is the chloride concentration of water in nearby canals in
milligrams per liter,
Q2 is the contribution from rainfall in million gallons per day,
C2 is the chloride concentration of infiltrated rainfall in
milligrams per liter,
Q3 1s the contribution of salty ground water in million gallons
per day,
Cq 1is the chloride concentration of salty ground water in milli~-
grams per liter,
Q4 is the well field pumpage in million gallons per day,
and C is the average chloride concentration of pumped water in
milligrams per liter.

Meyer (1972, p. 61) indicated that a low ground-water divide
normally was sustained beneath the Miami Tnternational Airport and it
has apparently retarded northward movement of salty ground water to the
pumping wells. Therefore, contribution from salty ground water (Q3C3)
may be omitted from equation 1.

The average amount of canal water that infiltrated the Biscayne
aquifer and that was removed from aquifer Storage surrounding the well
fields is estimated as follows:

Q1 + Q@ = Qq (2)
and
Q€1 + Q05 = Q,C,. (3)
Therefore
Q1C1 + (Q4—Q1) €y = Q4C, (4)

where Ql is the canal infiltration in million gallons per day,
€, is the chloride concentration of Q. (69 mg/L),
Q2 is the contribution from rainfall in million gallons per day,
C; 1is the chloride concentration of Q, (15 mg/L),
Q 1is the average pumpage (105 Mgal/d?,
and C, 1s the average chloride concentration of q4 (40 mg/L).

18



Substituting values in equation 4 and solving for Ql’
15(105 - Q1) + 69(Q1) = (40) (105)
Q = 48.6 Mgal/d

Therefore, the estimated canal infiltration for 1973 averaged 48.6
Mgal/d or 46 percent of the pumpage, which approximates the amount
determined by the canal flow method. This is 6 percent less than the
amount computed by Meyer (1972, p. 72) for 1970. Average daily pumpage
in 1973 showed a 15 to 17 percent increase over that of 1970 and 1971,
respectively., It would be expected that the increase in pumpage would
result in greater drawdowns in the well fields and increase the ground-
water gradient from the canals to the well fields. A comparison of the
water level contour maps of Meyer (1972, p. 27 and 40) and figure 8
shows a slight increase in gradient. An increase in the gradient should
result in greater infiltration [rom the canals but, apparently, this has
not occurred, Indications are that infiltration from the canals has
reached its maximum and cannot keep pace with the increased pumping
rates placed on the system.

Comparison of more recent estimates of infiltration from the canals
with estimates made in the 1940's indicate the possibility of the canal
bottom being plugged by sediments. In the 1940's when average pumpage
was less than 50 Mgal/d the 78 to 100 percent of dry season pumpage
contributed by the canmals (Meyer and Wimberly, 1972 p. 7) was sufficient
to prevent intrusion.

Figure 9 shows average lines of equipotential across the Miami
Canal along A-A' (fig. 1) on May 3, 1973. The water level in the canal
at that time was 2.32 ft above mean sea level. Depth to the water table
was based on water levels in the deeper wells.

Close spacing of equipotential lines beneath the bottom of the
canal indicates a large head loss across the bottom sediments and the
underlying sand layer, The infiltrating canal water moves down and
through fine-grained bottom sediments and the sand layer. Once the
infiltrating water reaches the more permeable limestone, it moves
laterally toward the well fields.

HYDRAULIC CONDUCTIVITY

Hydraulic conductivity of the bottom sediments varies across the
canal as the result of differences in thickness and composition.
Spacing of the equipotential lines (fig. 9) suggests that the sediments
along the northeast side (right of center line) of the canal are thicker
and more compact than those along the southwest side of the channel,
Sediment in the center of the channel is less compact or thinner,
probably due to partial removal during seasonal high flows.
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An approximation of the average hydraulic conductivity of bottom
sediments was made for the segment of the Miami Canal between sites 4
and 9 using discharge data for May 3, 1973 (fig. 7). This segment of
the canal lies across the center of the cone of depression in the well
field area as shown in figure 8. Discharge data (fig. 7) indicate
infiltration from the canal of 6.4 ft3/s within the canal segment.

Applying Darcy's Law (Johnson, 1972, p. 38):
K = Q/IA (5)

where K = hydraulic conductivity,
Q = quantity of flow per unit of time,
I = average head across sediment (hl h,),
and A = length (L) times wetted perimeter %Wp) =
cross-sectional area through which water moves.
Therefore
1.0 ft = estimated average sediment thickness
10.7x103 ft = L, distance between sites 4 and 9
105 ft = wetted perimeter of canal
4,2 ft/ft = average hydraulic gradient across sediment
10.9x100Ft2 = A
4, 2x100
gal/d = Q in gallons per day infiltrated.

Substituting terms in equation 5:

4.2x10%a1/d /4.2ft/Ft (10.7x103f¢t) 105 ft
0.89 (gal/d)/ft2=0.12ft/d

K
K

It must be emphasized that this value for hydraulic conductivity is
an estimate of the average for nearly a 2-mile reach of the canal.
Variations in hydraulic conductivity across the canal channel, pre-
viously noted, may cause the value to be grossly in error when applied
to any one point. The value should be considered as a starting point
for future investigations.

Core samples of the canal bottom sediments in the vicinity of the
Miami Springs-Hialeah well field were analyzed in the laboratory for
hydraulic conductivity in 1971. The hydraulic conductivity of Miami
Canal sediments at A-A' was 0.98 ft/d. Near the intersection of the
F.E.C. Borrow Canal and the Miami Canal (fig. 1) the hydraulic con-
ductivity was 9.80 ft/d. These data further indicate that the con-
ductivity of the bottom sediments may have been reduced in the vicinity
of maximum drawdown as a result of compaction and clogging of pore
spaces in the sand directly under the bottom sediments.
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WATER QUALITY

Wells in the Miami Springs-Hialeah fields yield water of good
quality except for hardness (as CaCO4) which is high. This is not
significant, however, insofar as water use is concerned, Water treat-~
ment, which includes lime-softening, recarbonation, breakpoint chlori-
nation, fluoridation and filtration, reduces the hardness from 230 to
70 mg/L and color from 50 to 10 units on the Hazen platinum-cobalt
scale. '

The quality of the canal water in the vicinity of the well fields
is of concern since much of the water pumped from the wells has infil-
trated from the canal system, The canals contain water whose quality
depends upon numerous factors. Seasonal changes in rainfall and flow
determine the amount of agricultural chemicals such as fertilizers and
pesticides in the water. Cround water from wells in the north and cen-
tral parts of the Everglades, which often contain residual saltwater
{(Parker and others, 1955, p. 686), may enter the Miami Canal during dry
periods. Loecal urban sources of pollution such as septic tanks, in-
dustrial effluents, and storm sewers also affect water quality in the
Miami Canal and its tributaries. '

The hydraulic connection between the controlled canals and the
Biscayne aquifer is such that a large part of the water pumped from the
Miami Springs~Hialeah well fields is replaced in the aquifer by in-
filtration from the canals. If the infiltration capacity of the canal
system is exceeded by withdrawals, the cones of depression in the well
fields are enlarged and deepened. This increases the threat of salt-
water intrusion to the well fields,

The lack of alternative sources of recharge enhances the impor-
of the infiltrative capacity of the canals. Through the years, fine-~
grained sediments have accumulated on canal bottoms and have reduced
infiltration., As pumping demands steadily increase, the impeding
effects of the sediments may influence the ultimate withdrawal capacity
and the longevity of the well fields.

Removal of the canal bottom sediments will increase the amount of
infiltration which is impeded by the sediments but may, to some degree,
also alter water quality in the aquifer. To determine the effects of
infiltrating canal water on the quality of the ground water and aid in
evaluating hydraulic conductivity and estimates of infiltratiom, 13
small diameter wells were drilled along section A-A' (fig. 1) near the
Hialeah Water Plant in April 1972 (fig. 10). 1In addition to the wells,
which were sampled four times in 1972-73, samples of the water and
bottom sediments in the Miami Canal were analyzed. The combined ad-
sorptive, absorptive, and filtrative characteristics, or filter effects,
of the bottom sediments were evaluated from the analyses.
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Analyses of water samples (table 2) indicate that the quality of
the water varies seasonally both in the Miami Canal and in the ground
water. The sampling dates represent: (1) the end of the dry season
(April}); (2) the beginning of the wet season (May); and (3) the begin-
ning of the dry season (November). During these periods, the quantity
of water infiltrating the aquifer from the canal varies greatly because
of changes in the level of the water table (fig. 10) and in pumping
rate.

In early June 1972 the water levels were measured and samples taken
in the wells and the Miami Canal along A-A'., During the preceding 2
months, rainfall in the Miami Canal basin was high. Average rainfall in
the basin for May was 8.02 in and for April, 4.18 in, The water table
was high (fig. 10) for that time of year and the level of the Miami
Canal in the vicinity of the well fields was 2.30 ft above msl. The
prevailing conditions at the beginning of the wet season were such that
comparatively little water was infiltrating from the canal.

The data collected in late November 1972 represent water conditions
at the beginning of the dry season. Rainfall in October averaged
2.13 in and the November average was 2,52 in in the area. The water
table in the vicinity of the well fields was near the June 1972 level
and the level of the Miami Canal was maintained at 2.30 ft above msl.
Pumping demands in the well fields were increasing and the resulting
drawdown was inducing infiltration from the canal. Even so, at that
time most of the water pumped was from aquifer storage rather than from
infiltration from the canals.

Water-level data obtained on May 3, 1973, near the end of the dry
season, showed that the water table along A-A' was lowered by pumping to
a point where the Miami Canal was perched in places particularly along
the edges (fig. 10). The extent of the cones of depression is shown in
figure 8. The center of the larger cone was 9.8 ft below msl which is
at or below the bottom of the Miami Canal., At that time the well fields.
were heavily dependent on infiltration from the canal system for reple-
nishment and the rate of withdrawal was exceeding the rate of canal
water infiltration as evidenced by the deepening of the cones of depres-
sion. The consequences of steady increases in pumping and a limit to
the rate of canal water infiltration are indicated by a comparison for
May 3, 1973 with the contour map for May 1974. The map for May 1974
shows a single cone of depression expanded eastward and southward into
areas of salty ground water,

Data Interpretation

As previously stated, the main objection to removal of the canal
bottom sediments as a means of increasing infiltration is the loss of
the filter effect of the sediments. Consequently, the data were viewed
with respect to changes in concentration of constituents or charac-
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teristics with changes in depth below and distance from the Miami Canal.
If it is assumed that the canal water was infiltrating through the
sediments and the aquifer materials, then changes in ground-water
quality should reflect the filter effects.

A semi-logarithmic nomograph comparing the average values for
inorganic chemical constituents in the ground water along A-A' with
those in the canal water {(fig. 11) shows the similarity of canal water
and ground water. This further indicates a comnection between the canal
and the aquifer.

Profiles along A-A' were constructed and the concentrations of the
constituents were plotted at the points from which the samples were
collected for all the samples analyzed during 1972-1973. Selected
profiles are shown in figures 12-28.

Long-term water—-quality data are necessary to establish definite
trends in water quality modifications with increasing depth and distance
from the canals. While such data are not presently available, the data
gathered in 1972-73 indicate changes in a number of physical charac-
teristics and constituent concentrations as canal water infiltrates.

Recognition of trends in modification of water quality is hampered
by large variations In hydraulic conductivity within the Biscayne
aquifer. Vertical and horizontal movement rates of water in the aquifer
vary greatly over short distances. Resultant time lags of water move-
ment from the canal to the wells cause difficulty in correlating water
qualities. Constant monitoring of canal water quality for long periods
would bhe required for precise correlation.

Mixing of infiltrated canal water, rainfall, and stored ground
water within the aguifer tends to mask water quality modifications that
are caused by the filter effects of canal bottom sediments and aquifer
materials.

Available data indicate the following trends of change in water
quality during infiltration from the canal to the wells along A-A'
(fig. 10):

Physical Characteristics

Ground-water temperatures (fig. 12) generally increase with depth.
Canal water temperatures ranged between 28° and 23°C (Celsius) when
samples were collected, but a more accurate measure of the average canal
water temperature is the Miami area mean air temperature of 24°C
(National Oceanic and Atmospheric Administration, p. 20) because low
flow and perched water conditions during the dry season limit inter-
action with ground water. Assuming the water temperature of the canal
reflects mean air temperature, the average ground-water temperature of
25.5°C is 1.4°C higher than that of the canal water. Ground-water
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temperature at 30 to 60 feet below land surface is normally 1.1°-1.6°C
higher than the mean annual air temperature in the United States (Todd,
1959, p. 195). Extremes of air temperatures are reflected in the
temperature of the ground water in the upper 20 to 30 feet of the
aquifer when pumping from wells at a high rate cause jincreased infil-
tration of canal water as illustrated by water temperature observed
between November 29 and December 1, 1972 (fig. 12).

Data from wells along A-A' indicate highly colored ground water in
the upper 50 ft of the aquifer, particularly in the sand zone, and less
color in water in the pumping zone {(fig. 13). Canal bottom sediments
have little effect on the observed color in the ground water. The
naturally occurring ground water in the upper part of the aquifer
contains more color-causing materials than does the canal water.

Reduced color in the pumping zone is due to dilution by water from
surrounding areas. Data for well G-1282 indicates a possible reduction
in color that is attributed to induced infiltration from the canal.

Color in water from the canal ranged between 50 and 60 units in 1972 and
1973 (table 2). Early data obtained by Parker and others (1955, table 94,
95) show that color in canal water at the water plant was as high as

120 units in 1941-42, and ranged from 50-110 units during 1943-48.

Turbidity in the canal water and ground water tends to correspond
to data for color. Turbidity is lower in the canal as is color. Color-
causing materials in the water may have interfered with the turbidity
determinations.

No correlation between pH values (table 2) in the Miami Canal and
the ground water in adjacent wells can be made using the available data.
A pH greater than 8.0 in water from several of the wells may be the
result of increased water movement in the aquifer because of pumping in
nearby supply wells. Both the quantity of carbon dioxide present and
the formation of bicarbonates are influenced by rates of water-movement
and according to Johnson (1972, p. 70) changes in the carbon dioxide-
bicarbonate relation alter the pH. Recharge of the pumping zone from
several sources of differing pH value mask the effect of pH changes
caused by the individual recharge sources.

Seasonal variations in specific conductance (fig. 14) are evident.
Measurements made during the wet season (June 1972) are consistently
lower than dry season measurements (May 1973). During the dry season,
evapatranspiration removed water from the canal and aquifer, thereby
concentrating dissolved solids. Infiltration from the canal is greatest
at this time. Specific conductance decreases with depth, but mixing of
water from several sources masks the trend in the pumping =zone.

Bacteriological Characteristics

Coliform bacteria are largely removed from infiltrating canal water
by the bottom sediments. Data indicate that coliform beneath the

34



', V-V BuoTe syTem pue JeuR) TWETW UT (g/-T-5 PUE £/-0€-%
U9BMII] PIINSEIW INTBA I9MOT [Z/-T-ZT PUR g/-6g-T1 U@aniaq
paanseouw anyea 13ddn) s3tup S7e95 USZEH UL JI0T0D I3ajeM——"€T1 2andT 1

1334 NIY3INIT H3LNTD WOH4 3ONVLSIA

ors 02S Obl 02| 09 ot 02 0 02 Ot 09 08
Ly L] _ | | | | | | _
R T |
aNvs _
[} —} i 00l
|
_
N + (§¥/08) | L 08
92b1-S 173M a3SY0 40 WOLL0E @ | (ALITIGYIWYID HOH)
| 3INOZ 9NIdWNd
NOILYNY1dX 3 _
- I L
ONYS ONY sz._,wm_E_._._ 08
, (o€ /02)
(0L/021) H 2821"9
7] - (021/06) — Ot
a000¢-9 “ a%mmﬁ_ummﬁ@ 20¢€ -9
{} 1 “ o
— %ww_m%w% (08/-) anvs _ (Sp/ObE)} e
> |, 01008-9 _
L U ﬁl\OO;
= (O€/09) (08/001) 2208-9 ﬁ Lol
A vO00E-9 ﬁ_..\Om mw\%.owc yELEN
T Y V1008 (06/09); LN3WIO3S WOLi08 v3s
L eyl SRS oy 0
- IN -
1334 01314 TI3M NOLSINd _ 1334
v | v

35



V-V 3uoTe ST[om pue Teue) JWRTH UT (£/-[-G pue
£/-0€-% US2M12qQ PRINSEBIUW SNTRA IDMOT [7/-[-Q PUEB 7/-G~9
ueami1aq paiansedsu aufea 19ddn) iejem Jo sduelonpuod OTILdadg-—-4T 2andTg

L3333 NIY3INIT ¥ILNID WOHH IONVISIQ

0vS 025 Ol ozl 09 op 02 0 0z Ov 09 08
|11 1L | | | i | | _ |
| 1T |
" n ONVS _
11 1 — OO_
_
¥3L3NILIN3D ¥3d
4 ¢ (85%068) S0 |
HWOMOIN NI (0E£E/0bb) 08
9Lp1-S 173M Q3SYO 40 WOLLOS @ i (ALITI8VINYId HOIH)
| INOZ ONIdWNd
NOILYNYI1dX T |
— | |
] ONVYS ONY mzo.rmms_:._ 09
_ (0g$/0€8)
2821-9
] (085/0£$) _ \ (019/— oo
q000s-9¢ _ (08L/088) "oc_g
n 1 | 52008-9
1 il I og
(OGS /0bS) {069/06S) _
- - : anvs {08L/0gS) L
20002-0@ (| 0l00g-9 _ 8200¢-9 O¢
| 1T ~a
. (0£6/005)® (01L/0%S) Y
VOO0E-9 g100¢~ {ovL 70bS)
{(-/01G cgzl-9 T3ATT
_ v 1008-9 (99/0¢%) —~ 3¢5
L g ' _ LINIWIQIS WOL10H™
— N - _ %R%Wm&ﬁ qqaqw IV , Ql
v |
1334 07314 T7EIM NOLSINd _ 1334

\/ | v

36



sediments decrease rapidly with depth. Fecal coliform were present in
only one sample from the pumping zone ($-1476), the count was low
(table 2), and it is unlikely that the bacteria originated from the
canal., Total coliform and fecal streptococcus data indicate a similar
decrease with depth. None of the samples taken from the pumping zone
were found to contain these bacteria.

Biochemical oxygen demand (BOD) decreases away from the Miami Canal
(fig. 15). This is an indication that oxygen demanding agents may be
removed by bottom sediments and aquifer materials as well as being
degraded. Variations in the trend of reduction are probably the result
of the time lag of water movement from the canal to the wells, as
infiltrating canal water wmoves within the aquifer. Water im the pumping
zone generally has a lower BOD than water in the canal because of the
combined effect of dilution by ground water, degradition of oxygen
demanding material as water flows through the aquifer, and the filter
effects of the sediments in the canal.

Nutrients

Total carbon decreases with vertical and horizontal distance from
the canal (fig. 16). Organic carbon (fig. 17) is both removed by bottom
sediments and degraded within the aquifer during infiltration. Par-
ticulate organic carbon is especially susceptible to filtration by
sediments (Stumm and Morgan, 1970, pp. 347-49), Inorganic carbon moves
relatively unaffected throughout the canal-ground-water system. Total
carbon in the pumping zone remains relatively high, indicating sources
other than the Miami Canal.

Organic nitrogen (fig. 18) decreases with depth and distance from
the canal because of partial removal by the filter effects of the
bottom sediments and aquifer materials.

“Small amounts of ammonia-nitrogen are present in both the canal and
ground water (fig. 19). Samples taken from the pumping zonme (S5-1476)
generally contained higher concentrations than those from the upper
units of the aquifer.

Nitrate-nitrogen was present in very small quantities in the ground
water and canal water when samples were collected. The reducing en-
vironment in the aquifer retards oxidation of NH3 and NO, which could
increase nitrate-nitrogen (Hem, 1971, p. 180).

Total phosphorus, including orthophosphates, is high throughout the
sampling section and no trends of reduction are evident during infil-
tration of canal water. A seasonal trend is indicated (fig. 21) by the
lower phosphate concentrations during the dry season {5-1-73). Low
rainfall runoff and plant growth probably reduce the quantity of
phosphate bearing fertilizers entering the canal system.
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Both the water of the Miami Canal and the adjacent wells along
section A-A' contain moderate concentrations of orthophosphate (fig. 22).
In general, concentrations are higher in the ground water than in the
canal water. Runoff from agricultural areas through which the Miami
Canal flows (fig. 1) contributes to orthophosphate concentrations in the
canal while aquatic plant growth removes it. Available data are insuf-
ficient to determine any filter effects which may be present in either
the bottom sediments or aquifer materials,

Major Cations and Anions

The filter effects of bottom sediments and aquifer materials do not
alter sodium concentrations in infiltrating canal water. Variations in
the observed values are due to mixing of water from several sources and
the time lag as water moves from the canal to the wells along A-A'.

Magnesium concentrations decrease with depth from the canal (fig.
23), Ion exchange with calcium carbonates and dilution are probably the
dominant causes for the decrease.

Concentrations of calcium exhibit no discernible trends of increase
or decrease during infiltration from the canal, Induced water movement
in the vicinity of supply wells may cause calcium precipitation and some
localized decreases in calcium concentrations. This may also remove
excess calcium released by ion exchange with magnesium.

The only changes in chloride concentrations as canal water infil-
trates are due to mixing with ground water of varying chloride con-
concentrations. Seasonal variations in canal flow and chloride concen-
trations are reflected in the ground water (fig. 24). During dry
periods, high pumping rates in the well fields increase infiltration
from the canal at a time when canal chloride concentrations are usually
the highest. '

The concentrations of potassium observed in both canal and ground
water range from 1.4 to 2.9 mg/L (fig. 25). Agricultural fertilizers
contribute potassium to the canal water and concentrations are increased
in the canal during periods of high runoff. The filter effect within
the aquifer materials and dilution may cause a slight reduction of
potassium concentrations which ocecur with depth,

Fluoride concentrations in the Miami Canal and adjacent wells are
not affected during infiltration (table 1).

Strontium concentrations along section A-A' are consistently above
the median of 0.11 mg/L for water supplies of the larger cities in the
United States (Hem, 1971, p. 197). Although there is an indication of
seasonal variation, further data are required to demonstrate this.
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Trace Metals

Aluminum in the infiltrating canal water is being decreased by the
filter effects and chemical exchange with both canal bottom sediments
and aquifer materials (fig. 26). Induced water movement in the aquifer
as the result of dry-season pumping demands appears to increase removal
of aluminum from the infiltrating water,

As distance from the canal increases, lead concentrations decrease
(fig. 27). Removal of lead by bottom sediments and aquifer materials
may cause an accumulation of lead in the upper part of the aquifer, bhut
additional investigation would be needed to demonstrate this.

Most well casings are irom, putting observed iron concentrations of
ground water in doubt. Consequently, there is no further discussion of
iron concentrations at this time.

The concentration of arsenic in infiltrating canal water decreases
with depth. The reduction is more evident in the dry season sampling
(April-May 1973) when infiltration is greatest (fig, 28).

Three additional sampling sites were chosen in the vicinity of the
Miami Springs-Hialeah well fields, anticipating continued investigation.
The three sites shown in figures 1 and 29 are: Site 2 on the Red Road
Canal, site 3 on the Miami Canal, and site 4 on the F.E.C. Borrow Canal.
A total of 36 wells, in addition to 2 existing wells, were drilled in
September and October 1972 at the sites and samples collected from the
wells and adjacent canals on May 2-4, 1973. All analytical data for
these sites are shown in table 3. The lack of sufficient data precludes
further discussion of sites 2, 3, and 4 at this time.

Canal Bottom Sediment

Canal bottom sediments were sampled along A-A' in the Miami Canal
three times in 1972-73 and once at each of the three other canal sampling
sites (fig. 29) on May 2-8, 1973. The samples were collected as point
samples, not composite samples. The results of the analyses are shown
in table 4.

The samples of May 2-8, 1973 are of particular interest because
they were collected after several months of low or zero flow in the
canals. High rates of continuous well-field pumping had created maximum
canal water infiltration,

Bottom sediments contained metals, organic and inorganic carbon,
nitrogen species, strontium, and arsenic, suggesting that some ab-
sorption and adsorption of these constituents in canal water takes place
as it moves downward through the sediments. Concentrations of many of
these constituents in the ground water immediately underlying and

50



", V-v SuoTe sTT2m pue TRUBD TWEIN UT (£L-T-§

pue ¢/-gg- U92MISq pRANSEIW o9NTeA Iamol /7/-[-9 PUE
7/-C-9 uam3iaq paansesw InTea i1addn) Isjem UT WNUTUNTY--'97 2an8Tg

1334 NI°3INIT H3ILINID WOHS JINVLSIA

0bG 025 Obl ozl 09 ot 0z 0 02 ot 09
L | ] | | J | 1 | |
A ] |
aNVS _
4 |- _ el
i
i
| ¢(02/002) | H3LIT H3d SNVHOONDIN NI S3NTVA | o6
9lbI-S 173M 035¥5 40 WOLLOS @ | (ALITIBYIWEId HOIH)
| INOZ 9NIdWNd
NOILYNYIdX 3 |
- _ 09
ANVYS dNY mZOmeE__l_
_ (0/001)
(Ob/0) | 28279
. _ 02/~ —Ov
0000¢-9¢ _ oﬁmmmwm-o ﬁ_momu.w
1t Iy T 0
(0€!1 /001€) {066/002) _
- Y anvs (002/0082) |
0000e-0® | 01008-9 | 8200€-9 0@
11 11 ﬂl\_o
- (0/0) @ (017001 ) — Ol
vO00&E-9 g100e-9 LN (0/0) 13437
- A £8ei-9 — 35
T INIWIQ3S WOL1O08
I — s 00 i —ol
- TYNVD WV
1334 07314 173IM NOLSINd | 1334
Av4 ! \4

51



', V-V BuoTle STT24 pur TEBUE) TWETK UL
(EL~T~G PUB {/-6Z-H UMD POINSEIW INTRA I3MOT /7/-/-9
puE g/-¢~9 U3omlaq psinseaum anTes ixaddn) zszem ur pesg--+/7 2andrjg

L334 NITTINIT ¥ILINID WOHS FONVLISIQ

oS 025 Opl ozl 09 ot 02 0 o2 ob 09 08
L L | | | [ | | | ]
1 LRI l
aNVYS _
- ~ } _ 00f
_
HALIT ¥3d SWYYOOHIIN NI S3INTIVA |
- & (#/0) | 08
3Lp1-8 T73M G3SVO 40 WOLlo8 @ | | (ALITIBYIWHI HOIH)
| INOZ 9NIdWNd
NOILYNY1dX3 | |
- _ |
ONVE ONY uzolrmm__z__n_ ) 09
i (6/L)
(v/-) | 2821-9
— - - Ot
a000¢-9¢ H (91/9) _mw\m .vo -
m 1] | 02008-9 oc
(£/21) (91/81) “
N - aNvs (11/92) L
00002-0 . 0100g-9 ” 820089 oe
L 11
— ($2/€) (9/6) v 36 o ~ Ol
v000¢-9 (6/0) @
- CRZI-9 I.Exﬁq
g | LNIWIA3S WOLL08 . v3s
I~ —_ { anvs‘any  ($/02), o
INOLSTIWIT  TUNVD [WYIN —
1334 07314 1T3IM NOLSTNd _ 1334
Avj ! \"4

52



*, V-V SuoTe STT®A pu® TBUB) TWEIW ul (E/-T-9
PUB C/—f7~—t UDaM]2] PaINSEIUW IN[eA J9M0T \NN|NI© pue

7/-=09 usaMm1aq paanswouw oanTea iaddn) xezem ur OTURSAY--'g7 2ANIT4

L1334 NIY3INIT ¥3ILN3D WOM4 3FONVLSIA

ovs 025 Ol ozl 09 op 02 0 0z Ot 09 08
LI L L | | _ | | | | |
Il [N |
ONVS _
|+ J | _ 00!
_
_ ‘ |
| @ (bron | ¥3L17 ¥Id SWYHOOHDIN NI SINTVA| | oe
| 3INOZ 9NIdWNd
NOILYNY1dX3 |
— | -
ONVYS ONY M_ZOHmm_z__._ 09 =
| (2/01) o
(g/01) | e8et-y
7 - _ (3/-) —Ov
JL 1! 2200¢e-9 o¢
IR 1 [
. - aNys {t/01) -
0000E-0@ |, 0100g-9 | 82008 -9 0¢
ol " (ov/on) ToTW (-/0)
~ 01/01) 220¢- ! Ol
A 8100¢-9 v200e-9T  (0/02) @
~ v I00£-9 ¢821-9 lqwm__%q
INIWIA3S WOL10d
~ — p— — | anw_.wmm_zq ?,.\o:_ Lo
- 3 W TUNVI IWVIN
1335 07314 T713M NOLS3Nd _ 1334

A4 |



*, V-V UOT3098 pue ‘4 ‘g ‘g 2375 Surrdues Jo SUOTIEDOT-~'fZ 2INITY

avod g3y

H

(LU
OI10E-9

H

6005~ 9
oV
i
800§-9
g
5]
N
£
7

IZI
¥ 31iS n
3
IAY w
mon_mEMT ua
3
=
! 2I0€-9
SlOE~9 m;_. m._. i 8
v v v
910€-9
8108 -5
O
S
b
7
|3/ QW aNa

54




T F4} 065 Lo~ Lo~ o 1 [o]el 0g* e T 01 06T £L-E-9 [ 34 HITO0E-D
€1 TL 0L9 10" 16" 1 00" [s]o [ oz 0s £i=£-9 90T ¥e1oe-2
e 1 T4 0L9 10" ic* T 00* 00" LT 13 1) £L-£-5 678T DTTOE-2
0°T v 08¢ 10" 0o 0T 00 T0° 69" =4 S5 EL-E-§ Z79v dI10E-2
s'1 1474 08s 1070 o] aae] 7T 000 00" 0 SE*0 Y4 [03:3] €L-E-G 962 ¥ITOE=D
€ 2318
£'C L9 069 011 0 0061 o5 £L-T -5 Jueid I93EH
yea e IH 1E
Teus) peod pad
8" 6L 004 10° oo* 11 00" 00" *0° ot by €L-E -§ 7°8¢ DOT0E-D
1 9z 089 00* 00 €6° 00" oo %0 0sT by €L-E -5 FAR 11 q0T0g-9
5°'c 1) (8449 00* 00" 11 00" 00" 1 oY (819 £L-¢ -5 0 ¢y VO10€~D
71 L 089 00* 00* 21 00" 10° 0 SZ (074 €L-€ -G 20 2600¢=-2
sz 6L 089 £0° 70 01 00" 00" 60" 07 373 €L-€ -§ 5% H600€-D
7'z £9 0L9 [0.00d 0 11 oz* 00" $0° [+75 [a72 €i-E -¢ 0°0t V600E-D
ST €L 08% 00" 00 01 00’ 10° 90" of b1 £4-T -S 0°91 0800¢£=9
£ QL 069 Q0" 0 el 00° 00" 0" SE 0% gL-T -G 662 q800¢=9
L1 89 0z9 00" Q0 06" oT” 107 90" 139 T4 £L=T -§ 7701 V800E~D
w1 e 069 Z0° 1o 06° 00" 00" 60" oz og¢ €L-7 -% W iT L00E=D
1 oL 069 00" Qo* 96" (o7 00" 10" L Qg £L=2 =G 79" €1 1819
8'1 8% 874 000 0c'o 790 000 000 [ T4 LT £L=C -G FAS 08¢T1-9
Z 93118
=] P L | Qo 2o 0o = = oy —~ — Pl ] am As0umiy
81 2| gif| 5f| 53| 59| ¥E| %3 iE | 288 3¢| g8 L E 9 gy | OOT woryess
] 0 m @ u T H @ n 2l = — o [~y e =g = = N
il ZER| o3e| 2P SE| gE | 2r| g | il <n| S0 ER i B0 | wd 70 Tre
o a 0k o o [yl S [= 3] o T.m ul T.w T_m ﬂ M W
* RS s 5 a LA oms | ws | 85 B2 | B3R F g
—~ o 2 - = =z e ] . b =]
) f —~ —~ = ot -t ~rt B o g Fh =1
— ad 3 o = L] 2} H = BQ W o
R 1 — ~ o o =] - St ~r
R b [ 1 m m
=3

(pa3eoTPUT axaym jdeoxXa I53TT I°d SWRIBTTITW UT SOUTRA)

“% pur '{ '¢ BO9JIS }® GlEUED plUE S]1ef WOIJ Bo[dES JA91wM JO SISAIPUY--‘§ STqBL

a3



e shuTtady TWeTW
ez cL 0% 89 0 00€Z oF £L-0-G Soupaes e
- . - T MOIX e Blic
6z 8z 09g ao- oo- g 00 oo 78 ot 08 £L-b-5 6y LTUED MOTIR A Fd
91 1€ 015 00° Q0* 2N 00" 00* g8" 0z Q9T £L-F-5 9'9p &10E-D
P 1 L QL2 [o]1] 00 T 00 [o19] L0 QL oL eL-F~5 L°0T 28TUE-S
[ L 0TS 00" o[¢ 8" a0” oo 69° aF4 09 £L-P-S t 8% 2e810e-9
8'1T og #1235 0" 0" 0T Qo [+1¢) T’ ar 00T €L-F-5 9z ¥8T0E-9
At ¥e 0Zs 0" T0" [t 0o- [+10 99" az oL £L-%-% 1°5% OLTOE-D
e ZL 0LY T0" 10" -1 elely [alel ST” (84 00T EL-F-5 8°€T GLT0E-D
670 8L 069 0" To- z°1 ¢leh oo* 0" 0g 08 geL-P-5 0°5¢ YLTOE-D
9T 6F o1S 10° T0° T og" oo* aL- 0z 05 €L-7-5 Z2°9F 29T10E-D
£ T L 095 T0* 10" T'T co’ 0o* 6" 0ts 0g £L-%-5 20T q9T10£-9
Z2'T 4 oFa T0" TO" 0°T ao- ac* L sT 09 £i-¥-% Fa 44 v910E-2
01 T o%a T0~ 0" 7T og” oo* gL’ ST [ £L-%-%9 F A D5TOE-D
9'T 99 oF9 T0° 0" 1T a0 oot £E”" Ss 0% EL-7-% 8 1T d49TUE-D
T EF Qrs 000 00 71 0g'o 00"0 L6670 0} 0g EL-%-5 LLE ¥el10e-2
p 2318

ER] L9 089 s - - 0F 0021 oF £L-g-¢ - sEurxds TOeTR

paTg entg

. . . 3B [PURD TWETH
Z'T FL 069 ¥ ¥0 £°T 00 on- 6T" aT og EL-E=G 09T

. . . . . oFICE-D
LT LS 00%9 £a g0 Z6 00 oG* L6’ 514 o9 €L-£-5 8'6T

) 124 009 M . - . - . apToe-o
T T z0 T0 6t g [n]e] FT oy oL SL-E-5 *

. . . . , . B 44 ¥ T0E-9
0°'T 89 069 70 ¥0 1 [s]0] a0 ST SP 09 gL-€-5 :

. - - . . [N ¥H10E-5
9T 69 059 £0 z0 T 0o 0" [ 00T 0g EL-E-9 el HETOE-D
9 T T4 oze 2 o 1T 0Q” 10" s 154 09 LL-E-9 0°9g YET0E-9
LT oL 0.9 oG 0o 1 00- 00" gz ave ) 4 tL-£-§ £°FT 2ZTCE-D

PANUTIUOD-~"'S 93TS
Ty Aoqunu
- o . _ P . &3 1@

e 2| geg| zz| egig | |sEls|fanlan|aglee | 2] az] T
o mnt. Y = HoE 7 " 8 —“&5 Y 28 g8 Y oh y1dag o {TeM
H 8w o == =R c g —~a o~ —~5 -0 R =1 =R & 5
[ - P =4 =2 o3 H =2 = m.... =0 - -~ pevay -1 [c=]
=3 o O rh o I oo O m O ® e o g (=t = 0 == rt Fh
1] B2 m e o o =] w I v Sm o w 1) oo & [

~ @ il t= [-= (= H [ [a O

—_ ® = P = = g I [ - =4
o = o — —~ - -~ ~ rr =9 g H g Hh
= =] o] ] o] H H o 3 =+ ao
~ b B ~ ~ o o o <y -3

Hr 0 [ ] i

a

1)

PONUTIUO)=="3, pliw '{ '¢ 993118 16 B[UUET pUE B[1oM WOXJ] So[dWeS 1=218M JO SosAjeny-—-f 9TJel

56



Table 4.--Analyses of canal bottom sediment in vicinity of Miami Springs-
Hialeah well fields. '

(values in micrograms per graﬁ except where noted)

— — -
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o — QU —
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R i) M ow d 0
o 3] ~ O
o @ @ . T
[N M O - O
el g . .« m E
R 2 = 8 a2

Sampling Location o = O =
Date Sampled 5-2-73 5-2-73 5-8-73 5-2-73
Arsenic 6 1 5 3
Inorganic €arbon (mg/g) 45 31 51 39
Organic carbon (mg/g) 60 24 61 52
Copper 36 12 45 26
Iron 4500 1,800 8000 4300
Lead 750 65 95 210
Organic nitrogen (mg/g) - - - -
Nitrogen (NO3+NO2) (mg/g) 0.001 0.003 0.001 0.001
Ammonia nitrogen (NH4) (mg/g) 0.230 0.099 0.068 0.150
Total phosphorus (mg/g) 0.014 0.092 0.007 0.004
Strontium . 770 330 1600 950
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adjacent to the canal suggest that their removal by the sediments is
incomplete, and that further reduction in their concentrations is due to
removal by the aquifer materials or dilution by water from other sources.

Analyses for pesticides in the canal sediment (table 5) show an
accumulation of DDD, DDE, DDT, dieldrin, silvex, chlordane, and PCB in
one or more samples. When compared with analyses of water from the
Miami Canal and adjacent wells along A-A' (table 6), it is evident that
most pesticides and PCB are effectively removed by the bottom sediments.
The only pesticides detected in the ground water were 2, 4-D, silvex,
and methyl parathion, which are more soluble in water than other pesti-
cides analyzed.

Although the removal of the canal bottom sediments would allow
pesticides and PCB's to enter the aquifer, zones of low hydraulic
conductivity, primarily the sand in the upper part of the agquifer, may
delay or completely prevent their reaching the pumping zone. Pesticides
and PCB's are poorly water soluble and are usually transported on
suspended materials, Consequently, removal of the canal bottom sediments
may not cause these compounds to enter the aquifer in large amounts if
the suspended material continues to be filtered out and deposited on
the bottom of the canal. No pesticides were detected in water from the
pumping zone (well 5-1476) even though several were present in the upper
part of the aquifer,

None of the following pesticides were detected in water or
sediment samples: toxaphene, aldrin, heptachlor, lindane, malathion,
parathion, diazinon, ethion, trithion, methyl trithion.

SUMMARY AND CONCLUSIONS

Municipal wells in the Miami Springs-Hialeah area penetrate the
Biscayne aquifer and depend heavily upon induced infiltration from the
Miami Canal and other nearby canals for recharge. In 1970 the canals
contributed an estimated 52 percent of the total pumpage, while in 1973,
canals contributed 46 percent. During that period, average pumpage
increased from 89 to 105 Mgal/d. This indicates that while pumping
demands increased 18 percent the canal infiltration capability decreased
6 percent. The result is a deepening and expanding of the cone of
depression in the well fields especially during periods of peak demand
and drought, thereby increasing the threat of saltwater intrusion.

Fine-grained sediments which have accumulated on canal bottoms have
greatly retarded infiltration. The canal is partially perched above the
water—table much of the time. ©Nearly all infiltration from the Miami
Canal cccurs in the center of the canal where sediments are thinnest.
The filter effects of the bottom sediments remove or lessen the con-
centrations of some constituents in the infiltrating water. Materials
in that part of the aquifer lying between the canal bottom sediments and
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Table 5.--Analyses of pesticides and PCB in camal bottom sediment from

Miami Springs-Hialeah well field area.

(Values in miérograms per kilogram)
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tﬂé o —_ o S — — -

° : 5 P

o a M ﬁ g
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[ !] ) *om o Q

o N RS ] N

ol g . o [N

Sampling L 28 2on o 3

iocation o = e =
Date sampled 5-2-73 5-2-73 5-8-73 6=5-72 11-6-72 5~2-73
DDD 4 9 22 14 0.0 13
DDE 31 12 49 20 1.5 13
DDT 4 0.0 110 11 0.0 3
Dieldrin 2.4 0.5 3.2 0.8 0.0 0.5
Endrin 0.0 0.0 0.0 0.0 0.0 0.0
2,4 -D 0.0 0.0 0.0 0.0 0.0 0.0
2,4,5 -T 0.0 0.0 0.0 0.0 0.0 0.0
Silvex 0.0 0.0 0.0 0.8 0.0 0.0
Chlordane 120 23 70 80 0.0 32
PCB 100 70 100 90 100 130
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the pumping zone also provide a filtering effect on the water. The data

do not indicate how effectively these materials will remove constituents
subject to filtration if the canal-bottom sediments are removed. Available
data indicate that removal of the canal bottom sediments will increase
infiltration from the canal to the Biscayne aquifer but may affect water
quality in the aquifer.

The increase in demand upon the Miami Springs-Hialeah well fields
will steadily increase the threat of saltwater intrusion in the well
fields. Additional water—-quality data are needed to determine ihe
ability of aquifer materials to remove objectionable constituents from
the water infiltrating the canal bottom if the canal-bottom sediments
were removed. The optimum course of action to safeguard both the
quantity and quality of water in the Miami Springs-Hialeah well fields
cannot be determined with existing data.
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